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Abstract 

In Portugal, urban areas still have the highest number of fatalities as a result of road accidents. In 

2015, 77% of accidents involving victims, 62% of seriously injured and 51% of fatalities occur within 

urban areas and translate into direct and indirect costs that are too high. Knowing where accidents 

occur and what circumstances contributed to these occurrences is sometimes the key to find solutions 

that minimize injuries and deaths on the road. 

At the end of 2016, as a safety measure, speed control cameras of the SINCRO - National Speed 

Control System began to be installed in different parts of the country. This measure was first applied in 

Lisbon in 2006, with the installation of 21 cameras in certain parts of the city in order to reduce the 

number of accidents. 

This study, using the location of the speed control cameras and the accident database of the IRUMS - 

Safer Urban Road Infrastructures project, sought to assess the effectiveness of this measure in the 

city of Lisbon. The results showed an immediate positive effect in accident rates at the locations where 

the speed control cameras were installed, but it was also perceived that this effect was attenuated in 

subsequent years. It is assumed that the reasons are due to the habituation to the system, the 

difficulty in sanctioning the violators and also due to the equipment malfunction evident to the users, 

without being repaired in a timely manner. 
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1 INTRODUCTION 

Despite the great advances in road safety engineering, road accidents continue to be one of the main 

causes of death in Portugal and in the world. Around 1.25 million people worldwide die every year in 

road accidents, while the injured are estimated to reach 50 million, which led the World Health 

Organization (WHO, 2015) to declare road accidents as a global public health problem. In Europe, 

about 85,000 people die annually and about 2.40 million people are injured in road accidents. In this 

region, road accidents are the largest cause of death among the population aged 5 to 29 (WHO, 

2015). 

According to the National Authority for Road Safety Reports (ANSR, 2016) in Portugal, the number of 

fatalities in road accidents has been gradually declining, from 1,248 fatalities in 2005 to 593 victims in 

2015 (Table 1). 

Table 1 – Number of victims of road traffic acciden ts between 2005 and 2015 (ANSR, 2016) 

 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Deaths * 1.248 969 974 885 841 937 891 718 637 638 593 

Serious 
Injuries 

3.762 3.483 3.116 2.606 2.624 2.475 2.265 1.941 1.946 2.010 2.148 

Light 
Injuries 

45.487 43.654 43.202 41.327 43.790 43.890 39.695 36.164 36.807 37.005 38.808 

* Deaths to 30 days - Corresponds to victims whose death occurs within 30 days after the accident - 
from 2005 to 2009 were only counted the dead in the place of the accident or on the transport to the 
hospital so, to obtain the number of deaths to 30 days between 2005 and 2009, was used a coefficient 
of 1,14 according to the ANSR. 

Despite the 50% reduction of deaths in 10 years, there is still a high number of deaths and injuries and 

a certain stagnation in the reduction of these numbers in the last 3 years. When analyzing the road 

accidents according to the location (Table 2), it is verified that the greatest number of accidents with 

victims happened in urban environment. In 2015, 77% of accidents with victims, 51% of fatalities and 

62% of serious injuries occurred within the localities (ANSR, 2016). 

Table 2 – Number of accidents with victims by locat ion between 2005 and 2015 (ANSR, 2016) 

 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Within urban 

areas 
25.685 24.964 24.842 23.756 25.037 25.690 24.214 22.775 22.946 23.224 24.657 

Outside 

urban areas  
11.381 10.716 10.469 9.857 10.447 9.736 8.327 7.092 7.393 7.380 7.296 

 

One of the main causes of road accidents is excessive and inappropriate speed (GRSP, 2008). Speed 

is also directly related to the occurrence of serious injuries in the event of an accident. In a collision, 
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the higher the velocity, the greater the kinetic energy that must be absorbed in the impact. In urban 

environment, this factor is of greater importance because it is where the coexistence between 

motorized vehicles and the most vulnerable road users such as pedestrians or cyclists is more 

significant. In the case of a motor vehicle collide with a pedestrian, the likelihood of it losing its life 

increases considerably with the speed of the vehicle. Studies indicate that most of the vulnerable road 

users survive a car crash at 30 km/h. However, the majority die if the vehicle is driven at 50 km/h or 

more (GRSP, 2008). 

It is therefore vital to intensify measures aimed at reducing traffic speeds, especially in the urban 

environment. One of the measures that has been increasingly implemented in many countries and 

especially in the United Kingdom is the use of speed cameras. 

In Lisbon, in 2007, after an investment of almost 3 million euros, 21 speed control cameras started 

operating in various parts of the city in order to reduce the accidents associated with speeding. 

2 OBJECTIVE AND METHODOLOGY  

The aim of this study is to evaluate the effect of the installation of speed control cameras in the city of 

Lisbon produce in the number of accidents at these sites. 

For this purpose it was used the location of speed control cameras in conjunction with the project 

database IRUMS - Road Infrastructure Urban Safer, a project collaboration between University of 

Coimbra and LNEC (Nacional Laboratory of Civil Engineer), with an agreement between the City of 

Lisbon and Public Security Police (PSP), which collected, using a Geographic Information System, 

four years of accidents (2004-2007) and then updated this information up to 2011 (Carvalheira, 2010; 

Carvalheira and Picado-Santos, 2011; Carvalheira and Picado-Santos, 2011a). 

The database was created from the "Accident Participations" elaborated by the PSP whenever it is 

called to the scene of an accident, either because there are people injured or because the parties 

involved simply fail to reach agreement. This database was associated to a geographic information 

system in order to observe, in the map of the city of Lisbon, all occurrences registered. The GIS 

software used for this purpose was Arcgis 10.0, taking advantage of the fact that it is the software 

already used by the Lisbon City Council which provided the network shapefile (Carvalheira and 

Picado-Santos, 2011a). 

The next step was to define the area of influence of the speed control cameras. Since the cameras 

adopted in the city of Lisbon are of the type that measures the instantaneous speed and not the 

average speed between two points, it is expected that its influence is much localized. The simple 

observation of driver behavior in the vicinity of this type of speed control reveals the existence of what 

some studies (Høye, 2014; De Pauw et al, 2014) define as “kangaroo jumps” that demonstrates that in 

the approach to the speed control camera the driver abruptly reduces the speed and, afterwards 

passing  the camera, accelerate to his initial speed. 
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A number of similar studies (Christie et al., 2003; De Pauw et al., 2014a) in the United Kingdom and 

Belgium have analyzed the effect of speed cameras at various levels of distances from 100 meters to 

2000 meters, reaching the conclusion that the efficiency of the cameras is greater in its proximity and 

that, in general, for distances greater than 500 meters the results are not significant. 

In this study, the definition of the area of influence of the speed control cameras, took into account the 

mentioned studies but also the distance in which the driver sees the "Radar" display panel, shown in 

Figure 1.  

 
Figure 1. Example of “Radar” presence and maximum speed information panel – Av. da India, Lisbon 

In this way, the area of influence was estimated at 300 meters around the speed control cameras for 

all speed control locations analyzed. The total number of accidents occurred within 300 meters away 

from cameras is shown in Figure 2 however, were only considered the accidents that occurred on the 

same road and direction where the speed control cameras were installed. 



5 

 

 

Figure 2. Road Lisbon Network with representation of all recorded accidents in the area of influence of 
speed cameras 

Of the 21 speed cameras installed in Lisbon only the one located in the tunnel of Marques de Pombal 

was not considered in this study, since the tunnel opened simultaneously with the start of the camera 

operation and therefore was not possible to assess the impact in the number of accidents.  

With all the information gathered, it was possible to evaluate the influence of this type of road safety 

measure on the behavior of the drivers, analyzing the accidents occurred before and after the 

cameras installation. 

The studies referred to as Before-and-After Studies are very common for the evaluation of the effects 

of road safety measures because they are based on observations of certain parameters that are to be 

analyzed in the periods before and after the implementation of the road safety measure. 

For the present study, the parameters which were analyzed are: 

• Number of accidents with victims; 

• Number of fatalities; 

• Number of serious injuries; 

• Number of light injuries. 

However, the simple direct comparison of parameter values in the periods "before" and "after" the 

introduction of corrective action, may cause a false idea due to not consider the possible contribution 

of factors other than the measure to be studied (Carvalheira et al, 2008; Carvalheira and Picado-

Santos, 2011b). In the analysis of the effectiveness of road safety measures, Elvik, R. (Elvik, 2002) 

says that any Before-After Study that does not take into account the confounding factors that may 
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influence the phenomenon under study, does not should be taken into account as it is likely to 

exaggerate the interpretation of the results. 

The most common confounding factors, referred to by Hauer (Hauer, 1997) are the Regression-to-the-

Mean, the long-term evolutionary trend of casualties, changes in traffic volume and any changes 

introduced (physical or in the circulation organization) during the study period. 

The regression to the mean is a mathematical phenomenon that results from the random nature of the 

accident rate, that is, it consists of the statistical tendency in which, after periods where values far from 

the mean value have occurred, values closer to that average will occur (Wright and Boyle, 1987). This 

phenomenon is particularly important since, as a rule, places where road safety measures are 

implemented are places where an abnormal number of accidents has occurred. In these cases, it is 

expected that the frequency of accidents will decrease in these locations regardless of whether or not 

mitigation measures are applied (Seco et al, 2008). The influence of this phenomenon tends to be 

greater the shorter the monitoring period of "before" and "after" (Carvalheira and Picado-Santos, 2012; 

Carvalheira and Picado-Santos, 2011b). 

The long-term evolutionary trend of the accident rate is related to general factors that influence the 

values of accidents in the road system and consequently also influence the values in the intervened 

places. These factors include, for example, the increase of safety devices that nowadays equip cars 

such as airbag, ABS, seat belts with pretensioners or stability control or, another factor, the drivers 

raising awareness from the dangers of reckless driving. 

The influence of the traffic volume is another factor that should not be overlooked in the analysis of the 

accident rate at a given point. It is expected that the increase in traffic volume will increase the number 

of fatal accidents (Fridstrøm, 1999). Similarly, a reduction in traffic volume may result in a reduction in 

accident rates regardless of the road safety measure implemented (Carvalheira et al, 2008). 

Another of the confounding factors referred is the introduction of any other event simultaneously with 

the measure that is being analyzed. By event, it is understood that something that can influence the 

on-site accident, such as an increase in on-site policing or an increase in traffic signs. If the influence 

of these events is not accounted for, it will result in distorting the results of the analysis. 

According to Cardoso and Gomes (Cardoso and Gomes, 2005), the influence of confounding factors 

can be assessed through two methodological approaches: the statistical estimation of the effects of 

these factors or through the use of a control group in which it may be assumed that the effect of these 

factors will be identical to the ones occurring at the intervention site. However, statistical estimation 

could be complicated because it presupposes the knowledge of all the exogenous factors and that its 

influence can be mathematically modeled, which is usually not the case when it comes to road 

accidents. 

The choice of a control group that seeks to reflect the effect of all these variables is therefore critical to 

the success of the analysis. According to Elvik, R. (Elvik, 2002), the criteria to be considered in the 

choice of a control group to control the effects of the confounding factors are: choosing a control group 
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with a number of accidents per year of a few hundred, presenting data from several years to the 

"before" period, representing a large area and preferably including the sites under study. 

3 RESULTS AND DISCUSSION 

Since victim accidents are, fortunately, a rare phenomenon, the size of the samples available for each 

site analyzed were greatly reduced. Therefore, no single statistical explanation or modeling is 

applicable for each site, whether by estimation using control groups or regression to the mean.  

So it was decided to analyze as a whole the results of the number of accidents in the area of influence 

of the 20 speed control cameras (Figure 3).   

 

Figure 3. Road Accidents/Victims in the area of influence of all 20 speed cameras in study 

As mentioned earlier, speed cameras began to be installed at the end of 2006 / early 2007 although 

the actual date of infringement recording was 16 July 2007. Hence, for the analysis in question, 2007 

was considered the year zero, the period of time that drivers are expected to adapt their behavior to 

this new road safety measure. The year 2006 is considered the last year of the "before" period and 

2008 the first year in the period "after" the implementation of speed cameras. 

Looking at the graph in Figure 3, a significant loss reduction is immediately noticeable after the 

installation of the speed control cameras. In order to assess the rate of reduction in all the 20 speed 

control sites, for each location was calculated the variation in all accident indicators: accidents with 

victims, number of fatalities, serious injuries and light injuries in the three years before and after 2007. 

The results are presented in Table 3. 

Table 3 – Variation of accident indicators in the p eriods before and after the installation of the 
speed control cameras  

Speed Camera Location 
Accidents 

with victims 
 Fatalities 

Serious 

Injuries 
Light Injuries 

Av. de Ceuta -74% -100% 0% -81% 

Av. de Ceuta -67% 0% -100% -60% 

Av. Gen. Correia Barreto -100% 0% 0% -100% 

Av. Gen. Correia Barreto 0% 0% 0% 0% 

Campo Grande -96% -100% -100% -78% 

Av. General Norton de Matos 20% 0% 0% 25% 
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Av. Marechal Craveiro Lopes -25% 0% -100% -10% 

Av. Marechal Craveiro Lopes -38% N/A 0% -41% 

Av. da Índia 33% 0% 0% 33% 

Av. de Brasília -20% N/A 200% -27% 

Av. Afonso Costa -75% 0% -100% -50% 

Av. da República -50% 0% -100% -11% 

Av. João XXI -14% -100% -100% 0% 

Av. Marechal Gomes da Costa 11% 0% N/A -25% 

Av. Marechal António de Spínola -71% -100% 0% 0% 

Av. Marechal António de Spínola 0% 0% 0% -17% 

Av. Infante Dom Henrique -78% 0% -100% -75% 

Av. Infante Dom Henrique -33% 0% 0% -50% 

Av. Almirante Gago Coutinho -31% 0% 0% -37% 

Av. das Descobertas -33% -100% 0% -20% 

The average variation in the number of accidents with victims is -37%, in the number of fatalities is             

-28%, in the number of serious injuries is -26% and in the number of light injuries is -31%. 

However, as mentioned before, in the Before-After studies it is fundamental to consider the impact of 

confounding factors in order to not overestimate the influence of the measure in study. The 

methodology used to consider the effect of these factors was the use of a control group. The control 

group is used to estimate the accident parameters in the places where road safety measures were 

implemented in the "after" period if the same measures had not been implemented. This type of 

methodology is based on two hypotheses: it admits that from the "before" to the "after" period, 

exogenous factors undergo similar changes in both the control group and the intervention areas and 

also admit that the effects of these changes are identical in the control group and in the intervention 

areas (Seco et al, 2008). 

Following some of the criteria presented by Elvik, R. (Elvik, 2002) and already described in section 2, 

the city of Lisbon was chosen as the control group. Applying the same evolutionary trend of the 

accident rate in the city of Lisbon to the 20 sites it is possible to estimate the evolution of the accident 

rate in these locations had the speed control cameras not been installed (Figures 4 and 5).  

 

Figure 4. Comparison of accidents/victims with the estimated using the control group (I) 
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Figure 5. Comparison of accidents/victims with the estimated using the control group (II) 

In relation to accidents with victims, the reduction compared to the estimated was -42% in 2007 and         

-64% in 2008. After 2008, the number of accidents with victims starts to rise again and approaching 

the estimated values, although it still shows a reduction of approximately -32%. Regarding the number 

of light injuries, the reduction is also significant, reaching -42% as early as 2007 and a reduction of -

58% in 2008. As of 2009, the difference between the estimated and verified values decreased to 

nearly                    -26%, remaining constant until 2011. As for the number of deaths and serious 

injuries, since the size of the sample is fortunately reduced the analysis is always more limited, 

implying a greater degree of uncertainty. The number of deaths recorded is always less than the 

estimated number, as you would expect. The number of actual serious injuries was also lower than the 

estimated number except in the year of 2009, where 6 serious injuries occurred when the estimate 

using the control group only indicated 3 serious injuries. 

This analysis, however, warns of another situation that is the increase in accidents/victims after 2008. 

Although the trend is similar in relation to the control group for the period 2008 to 2011, there are 

additional hypotheses for the speed cameras sites which justify more pronounced results. It is 

assumed that the reasons are due to the habituation to the system, the difficulty in sanctioning the 

violators and also due to the equipment malfunction evident to the users (Figure 6), without being 

repaired in a timely manner. 

 

Figure 6. Example of vandalized speed control cameras in the city of Lisbon 
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4 CONCLUSION 

The analysis of all the speed control sites proves, in this study, the effectiveness of the cameras as a 

mitigating measure of road accidents, with the results indicating a 40% reduction in the number of 

accidents with victims. However, it is pointed out that it is a before-and-after analysis of 20 fixed points 

with different physical characteristics and assuming that the effect of the disturbing variables, called 

confounding factors, is identical to the selected control group. The available database does not allow 

meaningful statistical modeling of the effects of disturbing variables, namely a return to the mean or 

the influence of the traffic volume variation. 

However, this study also reveals that after the first 2 years, the number of accidents has risen again. 

This situation happened at a time when most of the cameras were often vandalized and it was public 

knowledge the difficulty of the authorities in dealing with the administrative sanctioning procedure for 

drivers detected at excess speed. 

In a time where the authorities have to deal with financial constraints, choosing where to intervene is 

essential to achieve its goal of reducing road accidents. In some of the actual camera sites there was 

no historic of accidents prior to the cameras installation. These situations lead to the disbelief of the 

public opinion in this type of safety measure. The methodology used in this study to analyze road 

accidents based on reports of accidents using a geographic information system may be a very 

interesting tool in choosing the locations where the speed control cameras may be the best option as 

a mitigation measure of road accidents.  
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